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and Granger-causality tests to examine temporal preoedence of TFP with respect to infrastructure expenditures. The empirical evidence ia robust in confirmjng the existence of a unity long-run capital elasticity. The analysis of TFP reveals that it is not weakly exogenous in the exogenous growth modelo Granger-causality test results show unequivocally that there ia no evidence that TFP for both modela precede infrastructure expenditures not being preceded by it. On the contrary, we finei some evidence that infra&.. tructure investment precedes TFP. Our estimated impact of infrastructure on TFP lay rougbly in the interval (0.19, 0.27).
Introduction
After more than forty years studying growth, there are two sty1ized elasses of growth models that have emerged. The first ia that of exogenous growth models, based on Solow(1957) , Cass(1965) and Koopmans(1965) , and the second is that of endogenous growth models based on Romer{1986, 1987 Romer{1986, , 1989 , among others. The first basic difference among these two classes is the behavior of productivity. For the exogenous elass, productivity is assumed to grow at an exogenous rate. This implies a balanced-growth path for macroeconomic aggregates, and thus a unity long-run capital elasticity in production. Because models in this tradition use the condition of decreasing returns to capital for the existence of equilibrium, the only way to assure growth in steady-state is to require exogenous technological change.
In the endogenous class of modem this condition is dropped since it is thought to be too ad hoc. To assure growth, extemal efIects due to social capital are introduced, although decreasing returns to private capital are still maintained. The extemality hypothesis by itself does not guarantee growth, since it is still possible that the marginal product of capital (private plus social) will converge to zero. For example, with Cobb-Douglas technology, unless the long-run elasticity of capital is at least one there wiIl be no growth in steady-state. Df course, if the long-run elasticity is above unity there wiIl be explosive growth. Since this is not a stylized fact of modem economies, testing the extemality hypothesis has focused on the case of unity elasticity. A consequence of a unity elasticity is that macroeconomic aggregates wiIl foIlowa balanced-growth path. Regarding productivity, little or nothing is imposed in the class of endogenous growth modem.
From the discussion above, it is clear that these two models are observationally equivalent regarding (i) a balanced-growth path for macroeconomic aggregates, and specifically (ii) a unity long-run capital elasticitYj see Lau and Sin(1997a) . Thus, estimating long-run elasticities cannot be a strategy in distinguishing which of these models best fit the data. Despite that, short-run capital elasticities differ for both models. For the endogenous class it is also one, but for the exogenous class it wi1l usually be lese than unity, reftecting the fact that there are decreasing marginal returns in equilibrium.
Since the observational equivalence result is relatively new, before it became known several authors have tried to confirm the theoretical predictions of a given model class by examining long-run elasticitiesj see Neusser(1991) , who finds support for the exogenous-growth model using cointegration, and the crosscountry study in Romer(1987) , who finds a unity capital elasticity supporting the endogenous-growth model. Another problem of econometric testing of growth models is that not alI studies were careful in distinguishing between the shortand the long-run capital elasticity. For example, the tim~series evidence in Romer(1987) and Benhabib and Jovanovic(1991) inter-alia reject a unity capital elasticity. The data used in these regressions are either first-or quasi-differenced, which raises the issue of what coefficient is being estimated. One the one hand, if there is no cointegration in the data, one can estimate consistent1y the short-run capital elasticity from first-differenced regressions. Regarding quasi-differenced regressions, consistency will depend on common factors being correctly imposedj see Hendry and Mizon(1978) . On the other hand, if there are long-run relationships, ignoring them yields inconsistent estimates of short-run elasticities in both cases.
There are several aspects of growth models that have to be taken into account for successfully assessing their fito These issues have not been thoroughly discussed by the literature. Moreover, they have not been used appropriately when confronting theoretical models with the data. In this paper, we first set out what are the main tim~series properties of growth models regarding: the order of in~ gration of macroeconomic aggregates, the cointegration relationships implied by each class of models, and the order of integration and the exogeneity status of their respective Total Factor Productivity (TFP). Given these theoretical implications, we then use post-war U .S. data on output, and capital and labor inputs to asses the fit of long-run elasticities of a broader class of models, comprising endogenous and exogenous growth models. We later test TFP exogeneity, considering the potential influence of infrastructure investmentj see Aschauer(1989 Johansen(1988 Johansen( , 1991 , where estimation and testing are alllikelihoodbased. TFP exogeneity testa are based on the typology of Engle, Hendry and Richard(1983) , and performed according to Johansen(1995, pp. 122-123) . Grangercausality tests for TFP and infrastructure investment take the form of ex:clusion testa, where we take into account the criticism of Toda and Phillips(I993) of such testa.
Section 2 presents a discussion of a stylized version of both theoretical models,
showing the observational equivalence resulto It also diSCU88eB the properties of TFP for both models. Section 3 presents a discussion of the recent applied literature using our previous theoretical results. Section 4 presents the econometria techniques used on the empirical section. Our empirical results are presented in Section 5, and Section 6 concludes.
2. Theory
Stylized Growth Models
This section diSCU88eB two distinct classes of economic models: endogenous and exogenous growth models. We present here stylized versions of these models under very restrictive parameterizations of preferences and technology, wbich capture the essence of the long-run co-movement in the data we want to discuss. Although these stylized facts could be discussed under a less restrictive setting, we chose their restricted version for expositional reasons. Under Cobb-Douglas technology, Romer's(1986 Romer's( , 1987 Romer's( , 1989 ) endogenous growth mo deI can be characterized using a representative consumer who maximizes bis/her flow of utility, choosing a sequence of consumption {G t } subject to a resource constraint: After solving the representative consumer's problem 2 the growth rate of the economy (-y) is given by:
If Q + (J < 1 the model displays no growth. H Q + (J = 1 the mo deI displays sustainable growth as long as Q A n' Et [exp (Zt)] + (1 -6) is greater than 1/{3. If Q + (J exceeds unity there will be explosive growth, which is not a stylized fact of modem economies. Under this conjecture, testing this class of endogenous growth models amounts to checking if Q + (J = 1. Under this condition, the growth rate of the economy is stationary, although (log) ou~put itself will be a non-stationary process growing at rate 'Y.
Exogenous growth models inspired in Solow(1957) , Cass(1965) and Koopmans(1965) , and upclated by King, Plosser and Rebelo(1988) and King, Plosser, 1 Romer(1989) assumes that the number of firms and consumers is the &ame, 80 
After solving the consumer's problem the growth rate of the economy (p) is given by:
(2.4)
We now discuss some revealing time-series properties of these two classes of growth models. 
Using this resu1t in tbe decision roles and output equation we obtain: Another key difl'erence about TFP processes is the exogeneity assumption on the process:
Since the growth rate of productivity is given by: AIn{w,) =p.+Ef, it will grow exogenously as long as there are no external factors inftuencing {Ef}.
On the class of endogenous growth models little is imposed on {Zt}. In particular, the exogeneity assumption used on the other class of growth models is either dropped or omitted. Hence, we refrain from testing its exogeneity status.
Measuring TFP for the endogenous-growth model is straigthforward once a consistent estimate of 0+9 is obtained. Labelling ri: its Total Factor Productivity, and recalling that in equilibrium
have, after a logarithm transformation, and under 0+9 = 1:
where lower-case characters denote logarithms, and a = In (A n'). TFP is equal to the Solow residual (Zt) (up to a constant). Thus, TFP, or the (demeaned)
Solow residual, can be easily calculated using y, -k,.
For the class of exogenous-growth models, calculating its TFP requires a consistent estimate of o. Labelling 11' : as its TFP, we obtain after similar manipulations:
(2.12)
Once again, TFP, or the (derneaned) Solow residual, can be easily calculated using
Infrastructure Expenditures, Growth, and Solow Residuais
Solow's(1957) farnous result -that econornic growth cannot be understood solely in terms of the accumulation of physical capital and labor -spurred a vast literature which sought to find econornic factors that could explain the variation of output not captured by input variation. In a typica1 paper, researchers investigate whether the behavior of "Solow residuais" could be explained by the behavior of a set of economic variables. A vintage of this literature has focused on the role of infrastructure. Aschauer(1989) , Nadiri and Manuneas(1992) and Munnell(1990) , suggested that the behavior of the Solow residual, and thus productivity, can be partial1y explained by the evolution of public infrastructure. For example, public infrastructure investment per hour (G,/ Lt) could be a separate argument of the production function. In this case, TFP could be decomposed into two parta, a non-modelled one, and a modelled one -capturing the efl'ect of (Gt/L,).
An alternative way of modelling the infra&tructure efl'ect is to inc1ude infrastructure capital as an input of the economy's production function. This has been tried by Lau and Sin(1997b) , but the approach has been criticized by Bougheas and Demetriades(1997) for lacking a fundamental explanation of the infrastructure role in production. Bougheas and Demetriades, on the other hand, propose "introducing infrastructure as a technology which reduces the fixed cost of producing intermediate goods," Le., specialization. A by-product of it is a non-linear relationship between infrastructure capital and growth.
Regardless of how the role of infrastructure is modelled it is interesting to investigate the following issues for the two classes of growth models considered above: Is TFP of the exogenous growth model (weakly) exogenous when we consider infrastructure expenditures? For the two models considered, do movements in infrastructure precede or are preceded by movements in TFP (Granger-causality)? For the two models considered, what are the long-run elasticities of TFP with respect to Infrastructure? Is there a non-linear relationship between TFP and infrastructure expenditures for the two models considered here (Bougheas and Demetriades )?
Previous Empirical Results
The fact that the long-run capital elasticities of the endogenous and the exogenous growth model are the same creates a problem for econometric tests based on them. Examples are capital elasticity estimates from cross-section regressions using severa! countries, where cross-section data are a time average with a long time span, and estimates from time-series regressions using integrated data in leveIs. In these cases, what is being tested is the fit of either endogenous or exogenous growth models, and not the fit of a single one of them. Since only recently the obeervational equivalence of these models became a well known fact (Lau and Sin(l997a», there have been several studies in the past that used longrun capital elasticities to confirm or dismiss the fit of the sty1ized versions of the exogenous or the endogenous growth model presented above; see Neusser(1991) , Romer(1987) , and Ferreira(1993) .
The evidence that the long-run capital elasticity ia unity is abundant: Despite this favorable evidence some time-series studies have found a capital elasticity estimate far from unity. In Romer's(1987) article, when annual or decade data in first differences are used, results show a large and significant coefficient for the labor input and an insignificant coefficient for the capital input. The same pattern is found by Benhabib and Jovanovic, who applied maximum likelihood to U.S. data with the error term assumed to be an ARMA (1, 2) processo For quarterly data, they find a labor coefficient of about 0.65 and estimated ct + 8 dose to 0.23. This evidence against a unity capital elasticity is hard to interpret, simply because what is being estimated is not the long-run capital elasticity. The major problem lies on ignoring the stochastic properties of the data, which are probably non-stationary due to unit roots. If first differences are applied, inconsistent estimates of long-run elasticities may result if long-run relationships are ignored. The same problem occurs if quasi-differencing is applied. In this case, even if there are no long-run relationships in the data, inconsistencies will arise due to imposing common factors.
The relationship between public infrastructure and productivity was discussed and tested originally by Aschauer(1989) . Using time series data, Aschauer's estimate of the efJect of public capital on TFP is about 0.50, which is relatively high. Munnell(l990) using regional data concurs with Aschauer's estimates. Cost function duality estimates at the industry leveI by Nadiri and Manuneas(1992) and Morrison and Schwartz(1992) 
In most cases, the empirical evidence tends to confirm a supply side role for govemment (or private infrastructure in some cases) affecting productivity. Exceptions are Hulten and Schwab(1992) , using a growth accounting framework, and Holtz-Eakin(1992), using panel data at the state leveI. Although causality between productivity and public infrastructure is crucial for this discussion, it has not been thoroughly studied 7 •
Econometric Tests
As discussed in the previous section, both endogenous and exogenous growth models are observationally equivalent with respect to cointegration tests. Therefore, the initial step in our empirical investigation is to examine whether U.S. aggregate data conform to these theoretical long-run restrictions. In doing so, we are not testing any of these two models, but a broader class of models that include both. Before cointegration tests are performed, we investigate the order of integration of the data using the Augmented Dickey-Fuller testj see Fuller(1979, 1981) . There are several cointegration tests in the literature, which is now well known. Gonzalo(1994) compares their properties and concludes that Johansen's(1988 Johansen's( , 1991 likelihood-based method is the most adequate overallj see Johansen and Juselius(1990) for an application. The test consists of estimating rthe number of linearly independent cointegrating vectors (or cointegrating rank) -700e exceptioo is Ho aod Sorenseo(1993), where reverse Graoger-causality is fouod from twodigit maoufacturiog TFP to public iofrastructure. Mixed evideoce is fouod 00 Graoger-causality from iofrastructure to TFP.
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and the corresponding cointegrating vectors by maximum 1ike1ihood. Two statistia can be used for estimating r: the 7mce and .\mu. statistics, which have nonstandard asymptotic distributions. Moreover, the tedmique has the advantage of allowing testing hypotheses on cointegrating vectors, conditioned on knowledge of r. These testa are the usuallikelihood-ratio testa and have the nice property that their limiting distribution is r.
The relationship between growth and infrastructure will be investigated in several ways. Regarding Solow residuaIs of exogenous growth models we will perform exogeneity tests using the typology of Engle, Hendry and Richard(1983) . Suppose that we are interested in conducting inference on a given set of parameters Weak exogeneity tests will use the results in Johansen(I995, pp. 122-123). There, it is shown that, under cointegration, weak exogeneity can be tested via the significance of the error-correction tenn(s). Granger non-causality tests will take the usual format of testing for exclusion restrictions. Toda and Phillips(1993) show that these test results can lead to wrong inferences when the number cointegrating vectors in the system is unknown. We thus present test results under a variety of assumptions regarding cointegration between Solow residuaIs of the exogenous growth model and infrastructure expenditures.
Empirical Results

The Data Set
The data set used consists of U.S. Post-war quarterly log of private GNP Yt, log of hours worked lt, log of the capital stock ke, log of public investment on infrastructure gt. Private output was obtained subtracting government GNP from total GNJ>8. Houra worked used the Household Survey monthly series cumulated to generate quarterly figures. Public investments in infrastructure represent the sum of federal, state, and local non-military expenditures on structure and durables. Capital stock data were constructed using the gross private domestic investment series, accumulated using the perpetuaI inventory method at three different annual depreciation rates: 6%, 8% and 10%. The initial capital stock was calculated following Young(1995) . All these series were extracted from Citibase 
Unit Root8 and Cointegration
The first step is to test the data for unit roots, since it only makes sense to test for cointegration if they have a long run component. The Augmented Dickey-Fuller test was used including a time trend and a lag structure necessary to obtain white noise residuals°. Results are presented in Table 1 . At usual significance leveis, we cannot reject the hypothesis that y" lh k,., Ot, Yt -lt, and Dt -l, contain one unit root. However, for Yt -kt, we do reject the presence of a unit root, regardless of the version of the capital stock series used. This result is promising, since it is an indication that Yt and kt , may be proportional in the long run.
Cointegration tests were performed using two distinct data sets in forming the Vector Autoregression (VAR). The first uses the variables in the aggregate production function in per hour terms, Le., Yt -lt and kt -lt, and the second uses 8This is ao importaot differeoce betweeo Dor data set aod the Doe used by Lau aod Sin(l997a). Using private GNP may be criticaI io investigating a uoity elasticity for the two modeJs considered. With the goveroment sector included, there is the poteotial to depart from uoity capital elasticity, sioce fiscal variables may be used to do systematic couoter-cyclical policies. This is exactly their fioding.
°We started the lag search with 8 lags going dowo by Doe lag up to lag zero. The oumber Df lags choseo correspoods to the first significaot lag using the t-statistics.
alI three variables in the production function, i.e., Yt, lt and ke.
For the bi-variate V AR, the existence of a long run relationship requires Yt-lt and kt -lt, to cointegrate with the cointegrating vector given by (1, -1 Table 2 .
Moreover, the hypothesis that there is one cointegrating vector cannot be rejected for alI cases at usual confidence leveis. Estimates of the long run elasticity of capital per hour are alI marginally higher than one. To test if they are equal to one, we used the likelihood ratio test proposed in Johansen(I991), conditioned on the cointegrating rank being one. The Results show that a unity coefficient cannot be rejected in alI cases with very high confidence. For the Survey of Current Business version of kt -lt, at three lags, we reject the null of zero cointegrating vectors with 95% confidence using the Àm-statistic ll . Moreover, we cannot reject that the cointegrating rank is one using the trace and the Àm-statistic.· Capital per hour long run elasticity is estimated to be 0.82. At usual confidence leveis, conditioned on one cointegrating vector, we cannot reject that it is unity.
For five lags, we found very similar results for kt -lt. One cointegrating vector is found for alI but one version of capital per hour (8% depreciation) at 5% significance. However, at 10% significance, there is one cointegrating vector lOThe first is helpful to decide on the trade-off between degrees of freedom and nsidual sum of squares, but has little information on whether the model p888E8 specification testa.
for all versions of the capital stock. Conditioned on rank one, we cannot reject a unity long run elasticity for kt -lt.
Thus, for the bi-vanate VAR, there is overwhelming evidence that output per hour and capital per hour have a long run relationship with unity elasticity, conforming to the two models described above. This evidence is robust to variations of the capital series used or to variations in the lag length of the VAR.
We now tum to the evidence of the tri-variate VAR using Yt, lt and kt. Based on statistical tests in Table 3 , we found again that all VAR's should include a constant term, seasonal dummies, and a time trend termo For the constructed version of kt , the preferred lag order is three, but four lags is a1so a possibility. For the Survey of Current Business version of kt , we choose a VAR of order two, but order three is also possible.
Using the VAR with 3lags, for the constructed kt, we found vast evidence that there is one cointegrating vector. In the long run relationship, point estimates for the capital coefficient are all around 0.9, and those for hours are all near zero. We thus tested the joint hypothesis that the latter is zero and the former is one. For all three versions of kt we could not reject it, Le., Yt -kt is stationary12. These results are robust to changes in the lag order, as can be seen for the results using four lags presented in Table 3 .
The analysis for the Survey of Current Business version of kt yields slightly different results, in which finding a long run unity elasticity depends on the lag length used. For three lags, conditioned on one cointegrating vector, we cannot reject unityelasticity. However, with two lags, we marginally reject it. The results of the Monte-Carlo exerci se in Gonzalo(1994) suggest preferring the results with a higher lag order, since omitting the dynamics in cointegrating analysis may lead to inconsistent estimates of cointegrating vectors.
Overall, the outcome of unit-root and cointegration tests confirm the adequacy of the two growth models discussed above.
Is Exogenous-Growth TFP Exogenous?
For the exogenous growth model we impose (} = ! in constructing its Solow residual. This estimate is by far the most widely used for that purposej see Cooley and Prescott(1995) and McGrattan(1994) . The ADF integration test suggests that the Solow residual is an integrated process of order one for the exogenous growth model under Q = i. Next, we investigate the exogeneity of TFP by setting up a V AR including the ex:ogenous-growth Solow residual and (log) infrastructure expenditure per-hour 9t -lt. Plots of bit -I,) -i (ke -4) and 9, -4 are shown in Figure 2 . Exogeneity-test results are presented in Table 4 . The lag length chosen is four and all VAR's include a constant, a time trend, and seasonal dummies. Cointegration testa reveal that TFP and infrastructure expenditures have a longrun re1ationship. At 10% significance and using the 1hJce test statistic, there is one cointegrating vector for all versions of the capital stock used. At 5% there is one cointegrating vector for all capital stock series but the Survey series. Conditioning on the ex:istence of one cointegrating vector, we reject the hypothesis that TFP is weakly ex:ogenous for the parameters of interest in the conditional model using infrastructure expenditures. Note, however, that infrastructure expenditures are not Weakly Exogenous either for the parameters of interest in the conditional model using TFP.
TFP and Infrastructure in Endogenous and Exogenous Growth Models
In this section, given our previous empirica1 results, it is natural to label (Yt -ke)
as the Solow residual of the endogenous-growth model. As discussed above, for the exogenous-growth model we use Q = i in constructing the Solow residual.
For the endogenous growth model, Granger non-causality test results between TFP and 9t -4 are presented in Table 5 ; see Figure 3 for plots of the data.
Since there is an imbalance between the order of integration of the Solow residual {which is I (O» and 9t -lt {which is I (I», we use the former in levels and the infrastructure expenditures series in first differences. It is well known that causality-test results depend on the lag structure of the VAR. Thus, we present them for lag orders four, three, and two. At the 5% significance leveI, in all cases but one, there is no Granger-causality from TFP to 9t -lt 13. On the other hand, we find that 9t -lt Granger-causes TFP for almost every lag structure. For the ex:ogenous growth model, Granger non-causality test results between TFP and 9t -lt are presented in Table 6 . Since both series are I (I), the distribu-tion of the test statistics depend on whether or not the two series are cointegrated; see Toda and Phillips(1993) . Thus, we chose to present test results for the case of no cointegration and of one cointegrating vector, ruling out the case where both series are I (O). H there is one cointegrating vector, test resulta ahow that there ia feedback for all accumulated capital series at 5% aignificance, i.e., Granger causality in both directions. For the Survey series there is weak evidence that TFP Granger-causes infrastructure expenditures: no-causality from infrastructure expenditures at 5% but causality at 10%. Thus, we conclude that ge -lt Granger-causes TFP and that the reverse ia also true. H there ia no cointegration test results are very different: there ia no Granger causality in either wayat 5%.
At 10% there is weak evidence of causality from 9t -lt to TFP.
Putting all these results together, it is clear that we can state unequivocally that there is no evidence that TFP precedes infrastructure expenditure and that it ia not preceded by it. Moreover, there ia some evidence that 9t -lt Grangercauses TFP, not being Granger-caused by it. The evidence ia strong for the endogenous growth model, but, for the exogenous growth model, these resulta depend on whether or not the two series are cointegrated. If we take into account cointegration-test results, we find weak evidence that ge -it precedes TFP (10% significance). However, as pointed-out by Toda and Phillips, these test results can be mialeading.
The next atep in our empirical investigation is to calculate the infrastructure elasticity of Solow residuaIs for the two growth models. Results are presented in Table 7 . For the endogenous growth model, due to the imbalance in orders of integration between Yt -kt and Dt -it , usual statistical inference is invalid, but consistent estimates can atill be obtained. Elasticities are calculated from the static (long run) solutions of the VAR in leveis using different versions of Yt-kt and 9t-it. In all VAR's the lag length used is four. Our estirnates are roughly between 0.19 and 0.27. For the exogenous growth rnodel, long run solutions are calculated using (Yt -it) -l (kt -it) and 9t -it. Elasticity results are very similar to those of the endogenous growth rnodel for all accurnulated series. For the Survey series we obtained an odd negative elasticity. Since when the Survey series is used there is evidence that TFP and infrastructure do not cointegrate (see Table 4 ) it is hard to attach an economic interpretation to this estirnate. With that caveat, regardless of the growth model considered, infrastructure elasticity of TFP rernains in the range 0.19-0.27. This is undoubtedly a sizable effect, although much smaller than the initial estimates reported in Aschauer(1989) (about 0.50).
The final atep of our empirical investigation of TFP and infrastructure expenditures ia to perform diagnostic tests on the estimated linear models (Table 7) . We use the RESET test for non-linearity (Ramsey(I969», including initially a quadratic projection term, and then a quadratic and a cubic term jointly. The results are clear: for the endogenous growth model, there ia almost no sign of misspecification of the estimated linear relationship. The exception being the regression run with the Survey series. For the exogenous growth model, using the 10% significance leveI, all models show signa of misspecification, although at the 5% leveI they do noto
For the endogenous growth model, these results confirm the existence of a supply aide role for govemment infrastructure expenditures. It indicates that an increase in public infrastructure affects productivity positively and thus the marginal returns to capital and labor. On average, if there are better roads, porta, communication systems, etc., the same ftow of private capital and labor services is able to produce the same output faster or a higher output in the same amount of time. According to our results, a 10% increase in public infrastructure outlays boosts TFP in the long run by appraximately 2%. Since U.S. public expenditures in infrastructure decreased in the 1970's, only reverting this downward trend in the mid 1980's, this can partially explain the observed productivity slowdown for this period. Although with different magnitudes, this result agrees with Aschauer(1989) and Morrison and Schwartz(1992) , who used a completely different methodology in investigating the role of public infrastructure.
For the exogenous growth model the results are more subtle to interpreto On the one hand, it is hard to reconcile the data with an exogenous TFP. Grangercausality results, if anything, corroborate the initial evidence that the Solow residual is not exogenous (strongly exogenous in this case). On the other hand, infrastructure expenditure is not exogenous either, and there is only weak evidence that it Granger-causes TFP. Moreover, there is some evidence that the relationship between TFP and infrastructure investment is non-linear.
Conclusions and Further Research
The basic goals of this paper were: (i) to discuss the time-series properties of growth mo deIs in a way that it would be useful for assessing their fit to the data. We focus on the class of endogenous and exogenous growth models (Romer(1986 (Romer( , 1987 (Romer( , and 1989 , and Solow(1957) , Cass(1965) and Koopmans(I965) respectively), and (ü) to investigate whether a broader class of models, including both of them, successfully oonforms to U.S. post-war data. We use oointegration techniques to estimate and test long-run capital elasticities, exogeneity testa to investigate the exogeneity status of TFP, and Granger-causality testa to examine temporal precedence. Exogeneity and causality tests are conducted with respect to infrastructure expenditures.
The empirical evidence confirms the existence of a unity long-run capital elasticity, which validates both endogenous and exogenous growth models. It is robust to using several measures of the capital stock and different specifications for the estimated dynamic modelo Baseei on the estimated unity long-run capital elasticity, we construct a new measure of the Solow residual for the endogenous growth modelo Regarding the exogenous growth model, we construct its Solow residual using 1 as the capital share. The TFP of the exogenous growth model is not weakly-exogenous for the parameters of interest when we consider infrastructure investment. Causality tests show unequivoca1ly that there is no evidence that TFP for both models precede infrastructure expenditures not being preceded by it. On the contrary, we find some evidence that infrastructure investment precedes TFP, which ia stronger for the endogenous growth model. This may be interpreted as a supply side role for public investments with respect to TFP. Our estimated impact of infrastructure on TFP lay roughly in the interval (0.19, 0.27) and is not very different across the class of growth models considered. Although these estimates show a sizable impact of infrastructure on TFP, they are considerably smaller than the initial estimates in Aschauer(1989) (about 0.50), which were thought to be too large. Finally, if TFP can be regarded as the measure of our ignorance, this last result represents a reduction of it. ,,--
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H a test statistic is significaot at 5." it is labeled wilh (*), aod it is significaot at 1., wilh (**). H a test statistic is significant at 5~, it is 1abeUed wilh (*), aod ü it is significant at 1 ~ wilh (**). leveis. If a test stalistic is significaot at 5%, it is labeled wilh (*), and ü it is significaol at 1., wilh (**). 
